The pion momentum distributions (MDs) in four channels of virtual decay p → B + π, B = N, ∆, N 1/2 − (1535), N 1/2 + (1440) are calculated in two models, the microscopic model of 3 P 0 scalar qq fluctuation with the pion as a composite qq-system and the chiral semi-microscopic model of πq interaction with the pion as a structureless Goldstone boson. The results of the above models are similar for the baryon states B = N, ∆, N 1/2 − (1535) but are rather different for the Roper resonance N 1/2 + (1440) which corresponds to excitation of two oscillator quanta in the nucleon. The experimental investigation of pion MDs by means of the reaction of quasi-elastic knockout of pion by an electron of a few GeV energy p(e, e π)B may be very suitable for Jefferson Laboratory, Virginia (JLab).
Introduction
There are two kinds of quark models for the pion cloud of nucleon. The first is a fully microscopic picture of thefluctuation of QCD vacuum induced by color charges of nucleon quarks. We will consider the model of 3 P 0 scalarfluctuation [1, 2, 3, 4] . It gives a reasonable description of nucleon electromagnetic form factors [5] . It also provides a unified basis to produce meson clouds in different channels of real decay B → N + m [6] and of virtual decay N → B + m [7] with various mesons m and baryons B, by projecting the q 3wave function of "dressed" nucleon to the above B + m channels using here the harmonic oscillator quark wave functions for both baryon and meson. This latter detail reflects the perturbative character of the 3 P 0 model. The formal technique of the cluster degrees of freedom in a many-particle nuclear shell model [8] is exploited here including the simplest many-particle fractional parentage coefficients. The model contains parameters for the size of the nucleon (baryon), meson, and of the fluctuation itself. The projection technique [6, 7] offers here the opportunity to obtain within a unified approach all the coupling constants f mBN and corresponding wave functions of mutual motion Ψ mB N (k), and to express them through the above spatial parameters and the amplitude of scalarfluctuation.
It is possible, of course, to extend this approach to general B 1 → B 2 + m channels. In fact, such an analysis was done for the channels of virtual decay
, and N * * ≡ N 1/2 + (1440) [7] (which is of interest here).
The second kind of models [9] corresponds to a semi-microscopic description of the meson cloud of nucleon by introducing for each kind of meson m a primary mesonquark coupling described by a corresponding phenomenological Lagrangian. Within this approach, using the pseudo-vector coupling scheme and the basic (oscillator) 3q wave functions of the nucleon N and final baryon B, the coupling constants f πBN and vertex functions F πBN (k) were obtained and expressed through the primary phenomenological quark-meson coupling constants f mqq and nucleon radius b N for m = π, ρ, ω and many states of the baryon-spectator B [9] . It is easy to extend such consideration to a broad range of virtual decays
We see that the underlying physical pictures of the two models considered are remarkably different, and an interesting question arises: which kind of experiment can distinguish between the two models? Such questions are typical in the branch of nuclear physics under discussion.
The principal aim of the present paper is to demonstrate, in the context of the pion cloud of nucleon as a first step, that the process of quasi-elastic knockout of pion from the nucleon p(e, e π)B by an electron of a few GeV energy with separation of a few lowest states of the baryon-spectator B is indeed an efficient tool to distinguish between the above microscopic and semi-microscopic models. The specific physical features of this process are discussed in our papers [10] and its formal microscopic theory is developed by Obukhovsky et al. [7, 11] .
Our present paper is organized as follows. In section 2 we briefly describe the projection technique of the microscopical model of the scalar 
Projection technique q
3→ B+π in the microscopic 3 P 0 model
Our consideration is of course still semi-qualitative due to both the perturbative nature of the 3 P 0 model and the neglect of the final state πB interaction. But its general need seems to be rather urgent.
The scalar qq-fluctuation of the QCD vacuum is described by the qq-pair creation operator T , whose structure is almost self evident [2, 3, 4] :
where 
where T |N > characterizes the system of quarks (12344), B -subsystem (124) and π -subsystem (34) (Fig.1) . It was shown by Obukhovsky et al [6, 7] that the amplitude (2) can be presented as a matrix element between the baryon states
where the factor 3 reflects the identity of quarks and the operator H λ is defined as
Here (3) and τ (3) are spin and isospin Pauli matrices for the third quark, λ = 0, ±1 mark the spherical components of the vector τ (3) corresponding to the pion π λ ; m q = 313 MeV is the constituent quark mass. The nonlocal kernelÔ( ρ 2 , ρ 2 ) is given bŷ
It includes as a factor a wave function of pion as asystem, which is chosen in the
, b π being the pion radius. Within the limit of point-like pion, the effective pion-quark coupling becomes local and the amplitude (3) for B = N coincides with one corresponding to the phenomenological Lagrangian
The vertex constant f πN N is well known from low-energy pion-nucleon data [12] , f 2 πN N /4π = 0.078. We have obtained (see Ref. [11] for detail)
where y = for the pion radius following the results of Ref. [2] ( P N ( k) is defined below). After averaging over initial spin projections and summing over final spin projections, we obtain the squared amplitudes
Here the vertex constants are:
where functions P B ( k) are defined by
Finally, the form factors are given by
Such form of presentation facilitates a comparison our results with that of the semimicroscopical model [9] , which will be discussed in the next section. Finally, in terms of the wave function Ψ πB N ( k), which describes the mutual motion of B and π in the channel of virtual decay N → B + π:
we demonstrate here the connection between the amplitude J(N → B+π) and the partial
( 
Chiral semi-microscopic model
In this model [9] , the pion is considered as a structureless (point-like) Goldstone boson and it is connected directly to the nucleon quarks (Fig.2) , described by the Lagrangian:
Turning to the πBN -coupling, the authors of ref. [9] use the folding procedure with the same oscillator wave functions used in the previous section. To compare with our results, we present here four of their twelve form factors:
where oscillator parameter b 1 is 1/(311 MeV). These form factors correspond to the pion decay B → N + π of the excited baryon states B = ∆, N 1/2 − (1535), N 1/2 + (1440). For our case of virtual decay N → B + π the quantities ω π ( k) should be replaced by k 0 which have negative values depending on M B .
Model sensitivity of pion momentum distributions |Ψ
The process of the pion quasi-elastic knockout is realized at finite values of Q 2 = −q 2 (q being 4-momentum of the virtual photon γ * ), Q 2 = 1 − 3 GeV 2 /c 2 [10] and corresponds to almost free collisions of the incident electron with the virtual pion in nucleon, which means, that the binding energy of pion in the channel of virtual decay N → B + π is much smaller than its final kinetic energy E π and that the value of its virtual momentum k is much smaller than that of its final momentum p π , p π k. In other words, E π ≈ p π is more than 1 GeV and the value of the recoil momentum | − k| of the baryon-spectator B is within 0-0.5 GeV.
In our previous investigations [10] , we found that the longitudinal cross section is dominated by the diagonal subprocess of production of the virtual pions π + γ * L → π, whereas the transverse cross section is dominated by the process with virtual ρ-mesons ρ + γ * T → π. Hence in order to investigate the pion cloud we need the experimental data on the longitudinal cross section of the quasi-elastic process p(e, e π)B.
The relativistic theory of the process under discussion is based on the sum of two pole contributions shown in diagrams of Fig.3 . We carried out our calculations in the laboratory frame [7, 10, 11] . This enabled us, in particular, to preserve the variable k in the momentum distributions Ψ πB N ( k), which was a characteristic feature of the nonrelativistic theory.
The differential cross section of the pion quasi-elastic knockout reaction p(e, e π)B is [10] 
where
2 is the invariant mass of final hadrons, α = 1/137, e λ=0 is the photon polarization unit 4-vector for longitudinal photons, e λ=0 = 1/Q(q z , 0, 0, q 0 ),
is the electromagnetic form factor for the ππγ vertex; it is accepted to be equal to the free pion form factor Now, turning to the final goal of our paper, we present in Fig.4 the form factors for the two models compared. Four states of the baryon-spectator B were chosen, but this choice may be extended. The experimental data exist only for the channel B = N [13] . Fig.4 shows, that for B = N and ∆ there is no difference between the two models; for the orbitally excited state B = N 1/2 − (1535) with one oscillator quantum of excitation the difference is small, but for Roper resonance B = N 1/2 + (1440) with two quanta of excitation the difference is very remarkable and quite measurable in JLab, though the cross section in this channel may be two orders smaller than in the channel B = N . Consequently the systematic experimental investigation of pion MDs in the channels corresponding to different baryon states B of positive parity and masses around 1.5-2 GeV seems to be an urgent problem. The high sensitivity of the vertex functions F πN * N ( k 2 ) and F πN * * N ( k 2 ) (12) to the value of the parameter x, i.e. to the pion radius b π should be noted, too. 
